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Adult respiratory diseases in the developing world are a major
burden in terms of morbidity and mortality and, particularly as
related to chronic respiratory disease, are of increasing concern
(Murray and Lopez 1996). For many years, the leading cause of
adult respiratory disease mortality has been tuberculosis, which
still kills far more people than it should, given the increased
efficacy of treatment and preventive regimens (see chapter 16).
However, the burden of other acute and chronic adult respira-
tory diseases, which is the focus of this chapter, has been rising
throughout the world. These diseases fall into four categories:
acute diseases, such as pneumonia and influenza; chronic
diseases, such as chronic obstructive pulmonary disease
(COPD) and asthma; occupational lung diseases, such as byssi-
nosis, asbestosis, and coal worker’s pneumoconiosis; and other
parenchymal lung diseases, such as immune-related lung
diseases. Lung cancer, tuberculosis, and AIDS-related lung dis-
eases are dealt with in chapters 29, 16, and 18, respectively.

ACUTE DISEASES: PNEUMONIA AND INFLUENZA

Obtaining figures on the incidence and burden of pneumonia
and influenza in adults throughout the developing world has
been surprisingly difficult. Much of the research and surveil-
lance has been directed toward the pediatric age group (see
chapter 25). In 2000, fatal lower respiratory infections, as a
class that represents serious pneumonia and influenza, were
reported as the cause of 120 deaths per million men and
76 deaths per million women worldwide for the 15 to 59 age
group (WHO 2000). For both sexes in this age group, this sta-
tistic represents approximately one-third of the deaths caused
by tuberculosis. However, for the age groups over 60, rates
of death from lower respiratory disease more than double

for each decade of life, whereas rates of death from tuber-
culosis remain relatively constant. Notably, acute respiratory
diseases—in addition to tuberculosis—remain major concerns
among adults with AIDS.

The diagnosis of pneumonia varies according to the patient’s
access to medical care. Often the diagnosis is made simply on
the basis of cough and fever. For patients with access to a hospi-
tal, the likelihood of obtaining a chest x-ray increases; generally
the infection is bacteriologically confirmed only in the most
sophisticated medical centers. The natural history of pneumo-
nia without antibiotic treatment varies with the etiologic agent
and the patient’s underlying comorbid conditions and age.
Mortality resulting from these lower respiratory diseases is
approximately 10-fold higher in people age 60 to 69 than in
people age 15 to 59 (WHO 2000). Comorbid conditions, mal-
nutrition, low socioeconomic status, and cigarette smoking
each play a role in increasing the incidence of disease and wors-
ening the prognosis, both with and without treatment.

From studies conducted in the developed world, it would be
reasonable to conclude that common antibiotics for pneumo-
nias that occur outside a hospital setting would effectively
reduce days lost from work and, in the absence of other morbid
conditions, mortality. The few studies in which sputum speci-
mens have been cultured suggest that Streptococcus pneumoniae
is found in between 40 and 50 percent of the cases. Gram-
negative organisms or mixed infections are often isolated, and
thus, the use of broad-spectrum antibiotics is warranted (Hooi,
Looi, and Ng 2001; Hui and others 1993; Lieberman and others
1996). As would be expected, increased use of antibiotics
has resulted in increased resistance to common antibiotics. In
addition, 10 to 15 percent of these cases may be tuberculosis
(Dolin, Raviglione, and Kochi 1994).

Chapter 35

Respiratory Diseases of Adults
Frank E. Speizer, Susan Horton, Jane Batt, and Arthur S. Slutsky



Scott and others (2000) suggested that, despite the similarity
of the mortality rates for hospital-treated pneumonia in devel-
oping and developed countries, there are important differences
in the age distributions. The median age at death among
Kenyan adults was 33 years, in contrast to more than 65 years
in more developed countries. Many patients in developing
countries present late in the course of the disease. Often they
die before an appropriate diagnostic workup can be completed,
thus leading to an underestimate of case-fatality rates.

Signs and symptoms of influenza can vary from trivial to
explosive. Although the disease is usually self-limiting, it can
result in both severe incapacity and, when not properly treated,
potentially fatal secondary pneumonia. Clearly, patients with
comorbid conditions, the very young, pregnant women, and

the elderly are at greater risk of suffering from complications
from influenza. Those criteria, along with the adequacy of sup-
ply, form the basis for choosing who should be considered for
vaccination each year. Because the symptoms of influenza can
be quite similar to those of bacterial pneumonia, influenza may
often be misdiagnosed as pneumonia. Generally, influenza is
more self-limiting than pneumonia, although the infectivity
and transmission of influenza from person to person can be
substantial. The current threat of H5N1 influenza has resulted
in increased human and avian surveillance and preparations
for a possible pandemic (box 35.1).

The recent 2003 outbreak of severe acute respiratory syn-
drome (SARS; see chapter 53) emphasizes the importance of
accurate and open surveillance and a coordinated response in
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H5N1 Influenza

Box 35.1

Clearly, of even greater concern is the potential for a new
influenza A pandemic, as occurred in 1918 and more
recently in 1958 and 1968, from a newly altered strain of
avian influenza. With each additional bird-to-human case,
modest genetic mutation or re-assortment increases the
chance for the avian virus to be altered to become estab-
lished and virulent in mammalian species. This may result
in the establishment of sustained transmission among
humans. While the pandemics of 1958 and 1968 were
together responsible for approximately 3 million deaths,
mostly in the very young, the elderly, and in those with co-
morbid conditions, the 1918 episode is believed to have
caused over 40 million deaths, mostly in the age group 15
to 35 years. This potential for greatly increased mortality
among such a robust population has fueled recent concern
(WHO 2005a).

This concern has become more immediate with the
identification of a sub-strain of influenza A, H5N1, first
identified in 1997 in Hong Kong when it jumped from
poultry to humans and killed six of 18 infected people.
Virtually all of the original cases were believed to have
been bird-to-human transmission. Since that time there
have been a few hundred serologically confirmed cases in
Cambodia, Indonesia, Thailand, and Vietnam, with high
case fatality but no sustained evidence of ongoing human-
to-human transmission (WHO 2005b).

The H5N1 strain is highly pathogenic among poultry.
During 2003–2004 it resulted in outbreaks in 8 countries
in Asia, with over 100 million birds dying from disease or
being culled. More recently, though an additional 150 mil-
lion birds have been culled, because much of the develop-
ing world’s poultry economy depends on rural backyard

sources, it is not clear how effective these control measures
have been. Although these efforts were thought to help
control the spread of the virus, permanent ecological
reservoirs appear to have become established in wild fowl
and domestic chickens over a relatively broad region of
Southeast Asia. WHO authorities have expressed concern
about the finding that migratory birds that are infected
with H5N1 but are relatively asymptomatic have spread
viable viruses over large regions with subsequent infection
in domestic poultry. Furthermore, more recently there has
been evidence of disease in wild and zoo mammals as well
as isolated cases of infection in domestic cats. Recent
reports from Vietnam include two cases in humans
infected through the consumption of uncooked duck
blood. Further investigation of possible person-to-person
transmission is underway. Recently, WHO (2005b) stated,
“The possible spread of H5N1 avian influenza to poultry
in additional countries cannot be ruled out. WHO recom-
mends heightened surveillance for outbreaks in poultry
and die-offs in migratory birds, and rapid introduction of
containment measures, as recommended by FAO and OIE.
Heightened vigilance for cases of respiratory disease in
persons with a history of exposure to infected poultry is
also recommended in countries with known poultry out-
breaks. The provision of clinical specimens and viruses,
from humans and animals, to WHO and OIE/FAO refer-
ence laboratories allows studies that contribute to the
assessment of pandemic risk and helps ensure that work
towards vaccine development stays on course.”

Humans have little natural immunity to the H5N1
viruses. Thus, in contrast to the usual influenza epidemics,
which affect the very young, elderly, and those with
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Table 35.1 Public Health Measures in the SARS Episode, 2003 

Procedure Comment

1. Isolation of patients Isolate rapidly after onset of symptoms.

2. Quarantine of contacts Usually at home, but separate from patients. When in contact with unexposed subjects, wear masks and avoid public
transportation and visits to crowded places.

3. Education Reduce delay between onset of symptoms and isolation. In endemic areas, get subject to monitor temperature daily. Use
fever hotlines, fever evaluation clinics. 

4. Thermal screening Monitor temperature of travelers from endemic areas (not proven effective).

5. Increased social distance Cancel mass gatherings. Close schools, theaters, public facilities. Require use of masks in public settings.

6. Disinfection Practice frequent hand washing. Use aerosol disinfectant agents.

7. Travel advisories Postpone unessential travel. Screen travelers at entry and exit (not proven effective). Distribute health notices to travelers.

Source: Data compiled and summarized from Bell 2004.

comorbid conditions, virtually the entire population in an
exposed community is at risk. In human cases of avian
influenza, following the initial respiratory infection,
mortality results from two distinct processes. One process
begins with relatively rapid onset of respiratory distress
from hypoxia associated with ARDS.a The alternative
process results from secondary bacterial infection with a
variety of organisms. In the documented H5N1 influenza
infections in humans, respiratory symptoms are most
prominent. However, in one case of encephalitis in a child
from Vietnam, H5N1 influenza virus was identified in
cerebrospinal fluid and fecal matter, and in throat and
serum samples. Isolates from several cases were resistant
to two commonly used antiviral medications (amantadine
and rimantadine), while two other antiviral medications
(oseltamivir and zanamivir) still appear to be effective.

There is no way to predict the outcome of these ongoing
events. What seems evident is that if human-to-human
transmission becomes established, a pandemic will follow.

Given the lack of natural immunity, there is considerable
concern that even if adequate vaccines were available, distri-
bution on a worldwide basis would be limited by economic
considerations as well as distribution problems in the devel-
oping world. Efforts are underway to identify the genetic
make-up of the strains of H5N1 that will yield the most
effective vaccines and to produce such vaccines in a cost-
effective manner. Testing H5N1 vaccines based on recently
identified viruses in normal healthy volunteers suggests the
immunologic response may be adequate, but several
months of production would be necessary to produce ade-
quate supplies for one region, let alone for worldwide distri-
bution. Stockpiles of effective antiviral medications are
being generated in some countries. In the interim, WHO
has encouraged the rapid reporting of cases and the estab-
lishment of procedures for better public health intervention
strategies before and during a pandemic (WHO 2005c).
Many countries have developed pandemic influenza pre-
paredness plans in anticipation of such an event.

Source: Authors.
a. ARDS is defined as Acute Respiratory Distress Syndrome resulting from multiple causes, the most likely in this situation being an immunological reaction to the virus.

controlling the spread of newly active influenza strains. The
potential for global spread and the occurrence of worldwide
epidemics of influenza (presumed to be transmitted to humans
from domesticated or wild animals and then through close
proximity to humans with symptomatic disease—generally to
caregivers) points out the importance of continued surveil-
lance for such episodes (Low and McGeer 2004). The lessons
learned from the SARS epidemic reinforce the importance of
proven traditional public health measures, such as finding and
isolating cases, quarantining close contacts, and improving
infection control practices (Bell 2004). Those methods, along
with several other, less traditional efforts, were presumed to be

part of the reason the epidemic was contained as promptly as it
was (see table 35.1). However, because of the high case-fatality
rate, the disease caused significant disruption throughout the
world.

Economic Impact of Influenza and Cost-Effectiveness
of Interventions in the Developed World

Influenza is common in developed countries. Annually, it
affects 10 to 20 percent of the U.S. population (Lee and others
2002); those affected experience on average a loss of 2.8
workdays per episode. Those over 65 years of age are more



susceptible to complications, increased costs of hospitaliza-
tion, and even death. The cost of outbreaks can be large. The
costs of the 1996–97 epidemic in Germany were estimated
at US$1,045 million, and the annual costs of outbreaks at
US$11 million to US$18 million (WHO 2002a).

For those over age 65, many countries encourage preventive
vaccinations annually, on the basis of studies suggesting that
vaccination (either opportunistic or in a campaign) is cost-
effective in elderly populations (for example, see the model of
Scuffham and West 2002). Given a good antigenic match, inac-
tivated influenza vaccines prevent laboratory-confirmed illness
in 70 to 90 percent of healthy adult vaccine recipients (WHO
2002a). Vaccination is less costly than chemoprophylaxis (with
ion-channel inhibitors such as amantadine and rimantadine,
or with neuraminidase inhibitors such as zanamivir and
oseltamivir) or early treatment with the same drugs. In both
the institutionalized and the healthy elderly, vaccination sub-
stantially reduces overall mortality from influenza (by 40 to
68 percent).

The cost-effectiveness of vaccination for healthy working-
age adults, taking into account workdays lost, is a matter of
debate. Demicheli and others (2000) concluded that the most
cost-effective option for healthy adults age 14 to 60 was to take
no action. However, these authors include only medical costs in
their calculations. Postma and others (2002) reviewed 11 stud-
ies. Only one shows cost savings on the basis of medical costs
alone, but nine of them implied cost savings from vaccination
if the value of lost work is included. Because of differences in
costs and health care usage patterns, data on cost savings in
developed countries cannot be helpfully extrapolated to devel-
oping countries.

Economic Impact of Influenza in the Developing World

In Hong Kong, China (where there is a milder year-round pat-
tern of infection, little influenza-related mortality, and low
reported work losses), a model suggested that vaccination was
not cost saving, even if targeted to the elderly (Fitzner and
others 2001). The only case for vaccination was if it controlled
the emergence of highly virulent strains and prevented trans-
mission to the rest of the world. According to the World Health
Organization (WHO), much less is known about the impact of
influenza in the developing world. However, in the tropics,
where viral transmission normally continues year-round,
influenza outbreaks tend to have high attack and case-fatality
rates. For example, during an influenza outbreak in
Madagascar in 2002, more than 27,000 cases were reported
within three months and 800 deaths occurred despite rapid
intervention. An investigation of this outbreak, coordinated by
WHO, found that health consequences were severe in poorly
nourished populations with limited access to adequate health
care (WHO 2002b). It is not possible to extrapolate the exact

annual burden of influenza in the tropics from data on such
occasional and severe outbreaks. Because many areas (for
example, Sub-Saharan Africa) do not have surveillance centers,
not enough is known at this point to make policy recommen-
dations. There are also no readily available estimates of the
cost-effectiveness of influenza vaccination in those environ-
ments. (For further discussion of the role of vaccination, see
chapter 20.)

CHRONIC RESPIRATORY DISEASES:
NATURE, CAUSES, AND BURDEN 

COPD and asthma have very different diagnoses and causes;
hence, they are discussed in separate sections. However, the
treatments for these different chronic respiratory diseases share
similarities, and that discussion is therefore combined. One of
the difficulties in defining COPD on a worldwide basis is that
three distinct levels are used, depending on the sophistication
of the health care system in the country where the patient is
being evaluated:

• Chronic bronchitis with and without obstruction, which may
be part of the COPD diagnosis, is defined by the presence of
chronic cough and phlegm for three months per year for
two or more years and is generally assessed by standardized
questionnaires.

• Obstructive airways disease is often assessed by reduced pul-
monary function as measured by simple spirometry and the
presence of a reduced ratio of the forced expiratory volume
in one second (FEV1) divided by the vital capacity (VC).

• For emphysema, which is also part of the syndrome of
COPD, pulmonary function (changes in lung volume and
reduced diffusion capacity), x-ray evidence of bullae forma-
tion, hyperinflation of the chest, and (with the use of high-
resolution CT scanning) the presence of characteristic
changes in lung architecture all may contribute to the
diagnosis.

What is apparent is that not all these diagnostic procedures
are applied equally, particularly in the developing world; thus,
COPD may be seriously underreported. The 1998 Workshop
Report by the WHO and the National Institutes of Health
(NIH) on “Global Strategy for the Diagnosis, Management,
and Prevention of COPD,” developed as part of the Global
Initiative for Chronic Obstructive Lung Disease (GOLD 2001),
uses an international standard for defining the level of obstruc-
tion from COPD. This strategy should improve worldwide
estimates. This standard definition will still require the use of
equipment that measures pulmonary function (Buist 2002).
Over the next several years, as the price and distribution of this
equipment becomes more favorable and as more groups
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undertake the training in its use and in the interpretation of
results from the tests, diagnostic uniformity will improve.
Unfortunately, as pointed out by Aït-Khaled, Enarson, and
Bousquet (2001), the applicability of these guidelines has not
been effectively tested in developing countries.

In adults, COPD dominates all other chronic respiratory
diseases in accounting for 2 percent to more than 10 percent
of lost disability-adjusted life years (DALYs) on a worldwide
basis. Its incidence increases dramatically with age (fig-
ures 35.1a and 35.1b). Of note, mortality from COPD is low
before age 45. Over age 45, death rates increase from 50 to 200
per 10,000 individuals and are consistent across age groups in
men and women, with the exception of death rates in women
over age 80, which exceed those in men in that age group
(figure 35.2).

Much of COPD in the developed world is related to cigarette
smoking, and there is no question that progression of the dis-
ease is related to the number of cigarettes smoked and the years
of smoking. Smoking cessation has been associated with

reduced mortality from COPD, presumably through a mecha-
nism that results in a modest improvement in pulmonary
function that appears to be related primarily to the extent of
chronic bronchitis and mucus hypersecretion (Scanlon and
others 2000; Speizer and others 1989). Within a few years of
stopping smoking, smokers’ rate of decline of pulmonary func-
tion (that is, FEV1) returns to the rate found in nonsmokers,
although little of the lost pulmonary function is regained
(Fletcher and others 1976). Similar effects are seen in the
developing world. However, because smoking is far less
prevalent in developing countries, especially among women,
other exposures are related to the development of disease (see
also chapter 46). One of the most important exposures, partic-
ularly for women, is to unvented coal-fired cooking stoves,
starting during childhood and continuing into adult life (see
chapter 42).

Because the interventions and treatments for COPD overlap
with those for asthma, they will be treated together.

The diagnosis of asthma has been debated for centuries.
Health care providers can generally agree on the diagnosis in
the individual patient who is wheezing and in whom other eti-
ologic factors are ruled out. They would also agree on the def-
inition of the disease as an inflammatory response in the
airways that results in variable and generally reversible airflow
obstruction with or without treatment. However, depending
on the training of health care providers, the nature of surveil-
lance, the characteristics of a given community, and the par-
ticular environment of the community, the accuracy of the
estimate of the prevalence of asthma in a community may vary
much more. The reported prevalence of the disease may be
based on no more than an answer to this question: “Has a
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provider ever told you that you (or your child) has had
asthma?” The response to this question has been validated in a
number of studies. In contrast, the diagnosis may depend on
examination of the patient’s chest, physiological testing,
responsiveness to provocative stimuli to the airways, and
specific response to therapy. Thus, estimates of community
burden from asthma may depend on the threshold used in
making the diagnosis.

Despite variations in diagnostic criteria, worldwide esti-
mates of the asthma burden among adults have generally
come from surveys within selected communities. In contrast
to other adult respiratory diseases, the prevalence of asthma is
relatively low (figures 35.1a and 35.1b). In adults, the DALYs
for asthma are at a peak of about 2 percent of the total world-
wide in people age 15 to 29, and they decline in each older age
group. This pattern is also reflected in mortality rates, with the
highest rates occurring in young people and equal rates in
men and women about age 60. After age 60, reported rates of
death caused by asthma in men begin to exceed those in
women, and both become substantial. That shift reflects pri-
marily either increasingly questionable diagnostic accuracy or
misclassification of other obstructive respiratory diseases such
as COPD.

Economic Impact of Asthma and COPD 
in the Developed World

In the United Kingdom (where asthma rates are particularly
high), respiratory disease accounts for 6.5 percent of hospital
admissions. Fifteen percent of the working population report
work-limiting health problems caused by respiratory disease,
and 18.3 million workdays were lost to asthma problems in
1995–96 (Chung and others 2002).

In the Netherlands, annual costs associated with asthma
and COPD (direct and indirect) were estimated to exceed
US$500 million for a population of about 14 million (data for
the 1980s). Asthma or COPD was responsible for 3 percent of
absenteeism caused by illness, and asthma was also the main
reason for absence from school among children age 4 to 12
(Rutten–van Mölken and others 1992).

In the United States in the early 1990s, health care costs
attributable to respiratory disease were US$11 billion (about
2 percent of total health care costs), and an estimated 3 million
workdays and 10 million schooldays were lost to respiratory
disease (Stoloff, Poinsett-Holmes, and Dorinsky 2002).

Another survey (Weiss and Sullivan 2001) estimated the
costs of asthma in 1991 US dollars for four developed countries
(Australia, Sweden, the United Kingdom, and the United
States) and one state (New South Wales in Australia). Per
patient costs of asthma ranged from US$326 (Australia) to
US$1,315 (Sweden) annually, with direct costs accounting, in
most cases, for more than half of total costs.

Economic Impact of Asthma in the Developing World

Data for developing countries are much scarcer. For Estonia,
Kiivet and others (2001, cited in Lee and Weiss 2002) estimated
the direct annual costs of asthma to be US$104 per year per
asthma patient, equivalent to 1.4 percent of direct health care
costs. In Singapore, medical costs for asthma constitute 1.3 per-
cent of total health care costs (Chew, Goh, and Lee 1999, cited
in WHO 2001).

One study (Aït-Khaled, Enarson, and Bousquet 2001, cited
in Weiss and Sullivan 2001) found that asthma drugs cost
between 3.8 and 25 percent of the patient’s monthly income in
24 developing countries in Asia and Africa. K. R. Smith (2000)
estimates the burden of respiratory disease in India that is
attributable to indoor air pollution (only a fraction of all respi-
ratory disease) as 1.6 billion to 2 billion sick days per year. Of
that total, asthma is responsible for about one-third, acute res-
piratory infection is responsible for about one-third, and the
remainder is attributable to COPD, tuberculosis, and ischemic
heart disease. Asthma and COPD combined account for 44 per-
cent of the burden.

Cost Effectiveness of Interventions for COPD and Asthma
in Developed Countries 

Five recent overviews of the economics of chronic respiratory
disease, COPD, and asthma (Friedmann and Hilleman 2001;
Lee and Weiss 2002; Ruchlin and Dasbach 2001; Sullivan and
Weiss 2001; Weiss and Sullivan 2001), in addition to many indi-
vidual studies, focus on developed countries.1 Only a limited
number of studies use cost- or quality-adjusted life years
(QALYs) saved as the outcome (others use life years saved).
(Studies focusing on intermediate health outcomes and on cost
minimization are not discussed here.) In general, costs in
developing countries would be about 20 percent of those
reported here, according to detailed unit cost data by region
from WHO-CHOICE (Choosing Interventions That Are Cost-
Effective) and on comparisons of respiratory drug prices from
online pharmacies in the United States and from the
International Drug Price Indicator Guide (http://erc.msh.org).
The exceptions are interventions involving nondiscounted
drugs that are still under strictly enforced patents, for which the
costs in developing countries would be closer to those in the
United States. Table 35.2 summarizes the results.

Inhaled salbutamol (short-acting beta-2 agonist) is the first
line of treatment for both intermittent asthma (daytime symp-
toms less than once per week, nocturnal symptoms less than
twice per month, and normal spirometry between episodes)
and COPD (mild to severe) in both developed and developing
countries. This treatment became standard practice beginning
in the 1970s, so there are no cost-effectiveness studies of salbu-
tamol compared with placebo. This medical intervention is
likely the most cost-effective one, but it is still likely to cost
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some thousands of dollars per life year saved in the United
States.

The next line of treatment currently recommended for
developing countries is inhaled corticosteroids (for example,
beclomethasone) for mild to severe persistent asthma (disease
ranging from daytime symptoms greater than once per week,
nocturnal symptoms more than twice a month, and normal
spirometry between episodes to daily frequent symptoms asso-
ciated with severe obstruction) and inhaled ipratropium bro-
mide for COPD. Both first-generation corticosteroids and ipra-
tropium bromide are off patent. However, as pointed out by
Chan-Yeung and others (2004), the use of corticosteroids either
intermittently or chronically is commonly recommended in
developed countries, where the background level of tuberculo-
sis among patients is considerably lower. In developing coun-
tries with higher tuberculosis rates, corticosteroids must be
used with greater caution.

Inhaled steroids cost about US$13,900 per QALY for mild
to moderate asthma or when used in early treatment of

COPD. The cost per QALY is likely to be lower for severe asth-
ma, but ethical considerations render random controlled trials
unfeasible.

No cost-effectiveness study could be found for ipratropium
bromide compared with placebo. We estimate that the cost per
QALY saved would be between one-half and two-thirds of that
for a new-generation inhaled steroid such as fluticasone
propionate. This estimate, which is based on the relative cost
of the two drugs in the United States and assumes similar
effectiveness of the two drugs, would put the cost of ipratro-
pium bromide between US$6,700 and US$8,900 per QALY.

Most of the other interventions summarized in table 35.2
have a higher cost per QALY. For individuals who develop
COPD related to a severe deficiency in alpha-1 antitrypsin,
alpha-1 antitrypsin therapy is sometimes considered, at a cost
of between US$45,000 and US$215,000 per life year.2 The use
of long-acting beta-2 agonists and leukotriene modifiers is now
an accepted and integrated component of the treatment of
moderate to severe asthma in the developed world. However,
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Table 35.2 Cost-Effectiveness of Interventions for Asthma and COPD in 2001 

Reference Intervention Alternative Cost-effectiveness

Pharmacological

Authors’ estimates Inhaled ipratropium bromide Placebo US$6,700–US$8,900/QALY for moderate COPD

Paltiel and others 2001 Quick relieversa and inhaled Quick relievers only US$13,900/QALY in adults with mild to moderate
corticosteroids asthma: US$10,600 for moderate only

Van den Boom and others 2001 Inhaled corticosteroid Placebo US$13,400/QALY COPD treatment
(fluticasone propionate)

Akins and O’Malley 2000 A-1 antitrypsin augmentation therapy Standard careb US$14,400/QALY, severely deficient individuals

Hay and Robin 1991, A-1 antitrypsin augmentation therapy Standard careb US$45,000–US$215,000/life year, depends on age, 
in Ruchlin and Dasbach 2001 efficacy, and so forth

Education

Toevs, Kaplan, and Atkins 1984, Education and exercise program Exercise program only US$71,500/QALY
in Ruchlin and Dasbach 2001

Long-term oxygen

Authors’ estimate Home oxygen therapy for COPD No oxygen US$19,000/life year (US$26,700–US$38,000/QALY)

Mechanical ventilation

Schmidt and others 1983, in Mechanical ventilation Standard hospital carec US$6,400–US$23,600/life year (COPD, asthma, cardiac 
Rutten–van Mölken (excluding ventilation) patients) excluding physician costs

Anon and others 1999 in Mechanical ventilation in Standard hospital carec US$35,000–US$60,700/QALY
Ruchlin and Dasbach 2001 intensive care unit, asthma, (excluding ventilation)

and COPD patients

Surgery

Al and others 1998, in Lung transplant in end-stage disease No transplant US$464,000/QALY
Ruchlin and Dasbach 2001

Ramsey and others 1995, Lung transplant in those eligible No transplant US$238,200/QALY
in Ruchlin and Dasbach 2001 

a. Quick relievers refer to rapid-acting bronchodilators (for example, salbutamol) that act to relieve bronchoconstriction and accompanying acute symptoms of wheeze, chest tightness, and cough. 
b. Standard care includes medical management (ipratropium bromide, beta-2 agonist, steroid) and home oxygen as needed.
c. Standard care includes medical management and oxygen.



the cost savings for the developing world are difficult to
demonstrate because the endpoints of studies using those
drugs are often changes in spirometric testing, improved
quality-of-life measures, steroid-sparing effects, or altered
hospital admission rates.

Likewise, oral or intravenous steroids play a crucial role in
the treatment of acute exacerbations in both asthma and COPD,
but endpoint assessments in studies typically address decreases
in the duration of hospital stays and increases in the use of
emergency department facilities, which result in decreases in
health costs in the developed world. Oral steroids are inexpen-
sive, even by standards in developing countries, and in the short
term might appear to be cost-effective, but they are associated
with major medium- to long-term consequences and are not
recommended as standard therapy.

Educational programs tend to be cost saving in developed
countries, where uncontrolled exacerbations are extremely
costly in terms of hospital care (six such programs are surveyed
in Van Mölken and others 1992 and one in Ruchlin and
Dasbach 2001). Similarly, exercise rehabilitation programs (six
surveyed in Ruchlin and Dasbach 2001) can also be cost sav-
ing. WHO (2001) has commented on cost savings achieved by
education programs for asthma from four different U.S. stud-
ies. Only one of these studies addressed cost per well year,
which was estimated at US$71,500 in 2001 (Toevs, Kaplan, and
Atkins 1984, cited in Ruchlin and Dasbach 2001). However,
there are likely to be monetary savings from fewer workdays
lost, which are not factored into this analysis.

WHO (2001) surveyed one self-management training pro-
gram for chronic asthma in India (Ghosh and others 1998),
which resulted in improvements in health status, reduced use
of emergency departments and hospitals, and savings on health
costs. Sudre and others (1999) pointed out that studies of edu-
cation programs tend not to provide a good description of the
actual program content and that a more systematic description
of these interventions needs to be promoted to replicate best
practice.

Long-term oxygen therapy is a life-prolonging intervention
in advanced stages of COPD. Recent studies do not quantify the
cost per QALY but instead compare different methods of oxy-
gen delivery (cylinder or concentrator). These authors’ crude
estimate for long-term oxygen use is US$19,000 per life year
saved.3 If the quality-of-life scores of patients on long-term
oxygen were 0.8 or 0.6, the cost per QALY would be US$22,750
or US$31,700, respectively. (K. J. Smith and Pesce 1994, cited in
the Harvard Catalogue of Preference Scores, assign a median
score of 0.4 to quality of life for patients with severe COPD
with high supportive care needs and poor functional status.)

In hospitals, mechanical ventilation in the intensive care
unit has been estimated to cost US$35,000 to US$60,700 per
QALY in 2001 (Anon and others 1999, cited in Ruchlin and
Dasbach 2001). Studies suggest that noninvasive positive

pressure ventilation, where it is feasible, is less costly than inva-
sive mechanical ventilation for specific indications. Finally,
costs of lung transplants are at a level scarcely affordable even
in developed countries; Al and others (1998, cited in Ruchlin
and Dasbach 2001) estimated costs at US$464,000 per QALY,
and Ramsey and others (1995, cited in Ruchlin and Dasbach
2001) estimated costs at US$238,000 per QALY (in 2000 U.S.
dollars).

All those interventions compare unfavorably with the cost-
effectiveness of smoking prevention for preventing COPD
(discussed in chapter 46). Smoking prevention is one of the
most cost-effective health interventions that exists, and there is
a strong case for moving resources from expensive curative
interventions to that intervention. Likewise, prevention of
COPD by switching the cooking source from unventilated
stoves that burn biomass to either improved stoves or kerosene
stoves is more cost-effective than treatment (see chapter 42).

Cost-Effectiveness of Interventions for COPD and Asthma 
in Developing Countries

It is difficult to transfer the costs per QALY saved in developed
countries to developing countries. The cost of patented drugs
in developing countries should be the same as that in devel-
oped countries, whereas the costs of education and of the time
of medical personnel should be substantially lower (on the
order of 20 percent of U.S. levels). In practice, the costs of off-
patent drugs also vary considerably. Beclomethasone dipropi-
onate (one of the older, off-patent inhaled steroids) is available
for about US$15 per 200-dose inhaler in Canada in online
pharmacies but is quoted at US$1 to US$3 by agencies and
suppliers on the International Drug Price Indicator Guide
(http://erc.msh.org). A similar price difference exists for salbu-
tamol inhalers. Hence, the most cost-effective therapies in
developed countries (inhaled salbutamol and first-generation
corticosteroids for asthma and ipratropium bromide for
COPD) are also likely to be cost-effective in the wealthier devel-
oping countries—or more broadly if inexpensive drug supplies
are available. Those drugs are likely to be particularly cost-
effective for those with severe and moderately severe asthma or
COPD but less cost-effective for those with mild disease.
Recent practice suggests that a combination of long-acting beta
agonists and inhaled corticosteroids can control moderate to
severe disease more rapidly. However, to make this form of
therapy cost-effective, the patient needs to be reevaluated to
determine whether one or the other drug can be removed.
Because of cost considerations, that may not be feasible in the
developing world.

Once control has been obtained, education alone appears to
be ineffective when only respiratory outcomes are considered
(although education on the benefits of exercise has other health
benefits: see chapter 44 on lifestyles). However, education
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addressing the appropriate use of medication is extremely
important, particularly in developing countries, where timely
emergency care for severe exacerbations may not be readily
available. Although the cost of educational efforts would be
expected to be considerably lower in developing countries, this
area requires more systematic research.

Long-term oxygen is also an option for high-income house-
holds in middle-income developing countries. The costs are
likely to be lower than in developed countries. In Brazil the
monthly cost for supplemental home oxygen therapy is close
to US$150 (Sant’Anna and others 2003), compared with
US$400 per month paid by Medicare, which would bring the
cost-effectiveness to US$7,000 per life year by these authors’
crude estimates,or between US$8,750 and US$11,700 per QALY.
Publicly funded systems are unlikely to be able to pay this rate,
although private insurers and wealthy households might pay
because such therapy prolongs life.

The other interventions in table 35.2 are likely to be too
expensive for most developing countries to use at present.

OCCUPATIONAL LUNG DISEASE AND OTHER
RESPIRATORY DISEASES

Although occupational lung diseases are often considered dis-
eases of the industrial world, they are occurring with increased
frequency in the developing world, where guidelines for worker
safety are generally more lax or nonexistent. In addition,
because of increased migration from rural areas to more
urbanized centers and the transfer of major manufacturing
activities from the developed market economy countries to the
less developed countries, the number of employees with
potentially harmful occupational exposures has increased
exponentially in the past 30 years. The general discussion of
occupation-related diseases is reviewed in chapter 60. We focus
here on specific occupation-related lung diseases.

Occupational lung diseases are, for the most part, charac-
terized as related to particular occupational exposures and
generally fall into two broad pathophysiological types. One
type may result in pulmonary fibrosis, which is manifested by
restricted lung volume and decreased diffusion capacity on
pulmonary function testing and increased interstitial pul-
monary markings on chest x-ray. Certain occupational lung
diseases, such as silicosis, are complicated by a substantially
increased risk of tuberculosis, which contributes to the overall
burden of respiratory disease in the developing world. The
second pattern of occupational lung disease is that of obstruc-
tive airways disease, which may be reversible (occupational
asthma) or irreversible (chronic bronchitis with or without
obstruction or emphysema or COPD), in which the chest x-
ray often is negative and the diagnosis is dependent largely on
reported histories of exposures, symptoms, and pulmonary
function testing.

There are few reliable estimates of the global burden of
occupation-related respiratory diseases. Because of the lack of
systematic surveillance in most developing countries, the few
published estimates of occupation-related respiratory diseases
have relied on selected studies involving particular industries
that investigators have had unique opportunities to explore.
For example, Trapido and others (1996) conducted a survey in
a relatively small group of former mineworkers and found that
approximately 55 percent had pneumoconiosis with or without
tuberculosis. They estimated that about 25 percent of migrant
and former mineworkers in South African gold mines with
15 to 25 years of exposure had occupational lung diseases.
Loewenson (1999) pointed out the difficulties in making
assessments of occupational risk throughout the African coun-
tries and suggested a series of methodological issues that need
to be considered.

Leigh and others (1999) estimated the global burden of dis-
eases related to occupational factors at 4.2 million to 10.0 mil-
lion cases per year. If one subtracts the rates for established
market economy countries, the total burden for the rest of the
world is approximately 3.4 million to 9.1 million cases per year.
Using limited data and applying rates from individual nations
and regional groups of countries, the authors made an indirect
calculation for the expected number of cases of occupation-
related diseases globally. Figure 35.3 summarizes their esti-
mates for pneumoconiosis and other chronic respiratory dis-
eases by age and gender. Notably, these two categories of disease
account for approximately 30 percent of all occupational dis-
eases. The prevalence of these diseases increases with age and is
higher among men.
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Asbestosis and asbestos-related cancers present a particular
problem in developing countries. Asbestosis can manifest both
as other interstitial lung disease, as described above, and as
obstructive airways disease. In addition, occupational expo-
sure is associated with the occurrence of lung cancer, and
according to studies in developed countries, the rate of occur-
rence is synergistically associated with smoking. Because the
cost of health care compensation in the developed world
exceeds the potential profit from mining and manufacturing
of asbestos products, much of the industry has moved to the
developing world.

LaDou (2004) has recently summarized the status of the
potential for reducing occupational exposure on a worldwide
basis and suggests that upward of 10 million lives will be lost if
the current lack of controls and continued increases in mining
and manufacturing are not changed. In 2000, more than 2 mil-
lion tons of asbestos products were produced, whereas 25 years
earlier the total production was 350,000 tons each year. Except
for the Russian Federation and Canada, virtually all the larger
producers are in the developing world, where the recognition
and reporting of health effects are less well established. The
likelihood of reversing this trend and developing an interna-
tional ban on asbestos use is small, particularly because it is the
nations that produce more asbestos products that are, in fact,
increasing consumption.

The economic burden of occupational lung diseases is sur-
prisingly difficult to document. Most developed countries and
some developing countries (for example, South Africa) have
legislation protecting workers from exposure and compensat-
ing those who have contracted chronic conditions. In the
United States, compensation payments from the Social Security
Administration and the Department of Labor for black lung
disease totaled US$1.6 billion in 1996 (NIOSH 1999). Data
exist on compensation for claims for various occupational lung
diseases for the United States and the European Union coun-
tries. However, claims data represent only a small fraction of
the true economic cost (for example, not all workers make
claims; compensation payments lag considerably). For the
United States, the annual costs of complying with the revised
respirator standards for 1993 were US$111 million for about
5 million workers needing to use a respirator (presumably
these costs of prevention were far lower than the economic cost
of unprotected work) (OSHA 1998). The primary treatment
for affected workers is to remove them from the inciting expo-
sures. (See chapter 60 for discussion of preventive strategies
that need to be considered to reduce the risk of occupational
disease.)

Some of the other major classes of adult respiratory diseases
are discussed in other chapters: tuberculosis, in chapter 16;
AIDS-related lung disease, in chapter 18; and lung cancer, in
chapter 29. Other diseases that have been studied, particularly
in the developed world, include the hypersensitivity or

immunologically related pulmonary diseases most often asso-
ciated with environmental exposures to specific inhaled anti-
gens or interstitial inflammation and fibrosis, often of
unknown origin. In the developing world, little systematic
work has been done on these diseases to assess incidence or
prevalence. These conditions probably occur considerably less
frequently than asthma and COPD. However, they are likely
to have a higher prevalence in developing countries than is
reported in the developed world simply because of the pre-
sumed associations with exposures to organic dusts and the
increased prevalence of malnutrition (see chapter 56), both of
which are likely to occur in more rural and less developed areas
of the world.

See chapters 16, 18, and 29 for interventions for tuberculo-
sis, AIDS-related lung disease, and lung cancer, respectively.
Managing immunologic and fibrotic respiratory diseases with
medication is extremely difficult and expensive. Therapeutic
trials often fail, presumably because the treatments are not
aimed at a particular antigen. The most effective way of manag-
ing these respiratory diseases is to reduce exposure to the
inciting agents, an approach that hinges on two strong prem-
ises, which are not always applicable in the developed world.
First, the disease must be recognized as related to a common
environmental contaminant encountered in an occupational or
avocational exposure—for example, exposure to thermophilic
actinomycetes in moldy hay or sugarcane results in farmer’s
lung, and exposure to bird feathers or droppings results in bird
fancier’s disease.Second,community resources must be directed
toward educating the public about the importance of limiting
exposure to these agents.

GENERAL APPROACH TO LOWERING RISK
OF ADULT RESPIRATORY DISEASE

Although interventions of various sorts are indicated for each
of the disease categories discussed, these interventions are often
costly and sometimes ineffective in lowering or preventing pre-
mature mortality. Thus, from an operational perspective, it is
important to consider preventive and therapeutic strategies that
will have greater societal effect than will the management of the
manifestations of diseases as they arise in individuals. This
approach applies to acute diseases (vaccination schemes to
reduce the burden of influenza, in contrast to individual man-
agement of community-acquired pneumonia) and chronic dis-
eases (smoking prevention and reduction programs, compared
with availability of routine asthma medication). Primary pre-
vention strategies should include efforts by multiple agencies of
government and the community coming together to establish
appropriate priorities for action. Four sources of exposure
stand out: tobacco smoke, indoor smoke, outdoor air pollu-
tants, and occupational exposure (see chapters 46, 42, 43,
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and 60, respectively). Of these, the most pressing and cost-
effective is a cohesive policy to control tobacco smoking.

In conjunction with the International Union against
Tuberculosis and Lung Disease (IUATLD) and selected univer-
sities and health institutions in various countries, WHO is
developing the Practical Approach to Lung Health (PAL, previ-
ously known as the Adult Lung Health Initiative). The program
is focused on improving primary care services, as well as appro-
priate referral to secondary health care facilities, for individuals
with tuberculosis, acute respiratory infections (especially pneu-
monia), asthma, and COPD. Four countries (Chile, Morocco,
Nepal, and South Africa) are serving as the pilot implementa-
tion sites (WHO 2003).

In Chile, where respiratory symptoms account for one-third
of primary health care visits, a respiratory disease program was
initiated in 2001 as part of ongoing efforts to strengthen pri-
mary health care. The pilot program was implemented in 15
centers. Standard formats are used to devise scores to deter-
mine follow-up for asthma and COPD. Sentinel centers are
used to provide epidemiologic information. Influenza immu-
nization coverage of the elderly and at-risk population has
reached 85 percent (WHO 2003).

In Morocco, survey work done before establishing a PAL
strategy showed that 31 percent of patients who consult
primary health care centers present with respiratory symp-
toms. Of those patients, 85 percent have acute respiratory
infections, 14 percent have chronic conditions, and 1 percent
have tuberculosis. In Mexico, an IUATLD study implementing
asthma control measures was shown to be cost-effective.
Control of asthma improved, and the majority of patients
experienced a decrease in the severity of asthma. The cost of
asthma management decreased because of lower costs for
emergency services and hospitalizations (WHO 2003).

FUTURE RESEARCH NEEDS

One of the difficulties in quantifying the burden of respiratory
diseases in adults is the inability to apply uniform methods of
diagnosis across economies in which sophisticated diagnostic
procedures are possible, let alone across less developed
economies. The problems relate in part to differences in the
language describing the same symptoms, levels of registration
of census and disease reporting, availability of diagnostic pro-
cedures, and reluctance to make accurate estimates because of
the cost of intervention strategies. Furthermore, unless controls
on cigarette smoking are initiated, little progress in stemming
the increasing burden of chronic respiratory diseases can be
expected.

There are still a number of unanswered questions related to
COPD, which remains the dominant respiratory disease in
adults. The developing world provides some unique opportu-

nities for research that go beyond the primary prevention that
would result from better smoking control policies. Because not
all smokers are at increased risk, the interaction of smoking
with nutritional status (including micronutrient status), with
genetic factors that determine susceptibility, and with respira-
tory infections may act as a precursor of susceptibility to envi-
ronmental (ambient or occupational) pollution and personal
(smoking) pollution. Similarly, the role of immunologic stim-
ulation or immunocompetence needs further exploration as it
relates to the development of asthma. Synergies between the
conditions discussed in this chapter and other infections (par-
ticularly tuberculosis, but possibly others) may be especially
important in the developing world. Finally, specific environ-
mental conditions—such as altitude, heat and cold stress, and
increased ambient pollution from rapid urbanization—and
their effects on asthma and COPD should be explored.

Acute respiratory infections, specifically bacterial pneumo-
nia, have not been addressed nearly as well for adults as they
have been for children. For example, simple data on the preva-
lence of infecting organisms, typical susceptibilities, the ability
to train ancillary workers in clinical diagnosis, and the correla-
tion of clinical assessment with verified disease would be help-
ful in establishing the feasibility of assessment and treatment at
home versus at a clinic or hospital, specifically in the develop-
ing world. Common etiologic agents in North America are
common elsewhere; therefore, treatment of disease would be
relatively inexpensive. Most community-acquired acute disease
responds relatively well. Certainly, penicillin should be recom-
mended as a first-line drug for community-acquired pneumo-
nia. Educating local healers on the importance of initiating
treatment earlier in the course of disease would translate into
savings with respect to decreased days of work lost and reduced
case-fatality rates. Follow-up monitoring and the development
of hospital-based bacteriologic testing should be expanded to
identify and control for the emergence of resistant bacterial
strains.

Studies of asthma in the developed world have been exten-
sive and of extremely high quality but are directed specifically
toward the health care structures in which they are tested.
Specific cost-effectiveness studies in the developing world
should be done to see, for example, whether a focus on disease
education and modification of risk factors in addition to med-
ications outweighs simple administration of medications (with
instructions on use). In the developed world, there is no ques-
tion that an approach that is multitiered and involves multiple
health care providers is the best, but we still do not have
concrete evidence of where monies are best spent in the devel-
oping world. Another possible fruitful area of research is on
education programs. Most of the literature relates to education
programs for specific entities (for example, “asthma triggers”)
and their costs in developed countries. Education programs
in developing countries that are multidimensional (smoking
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cessation, indoor air quality, vaccination) are likely to be rela-
tively inexpensive and cost-effective. Better methods of educat-
ing local healers through the use of demonstration projects
should be tested, as should more efficient distribution systems
to make relatively inexpensive medication available. General
increased awareness of the impact of symptoms on adults and
of the potential for earlier intervention in a disease should also
be explored and tested for their effects on reducing respiratory
disease burdens.

NOTES
1. The survey of the cost-effectiveness of interventions below is based

on a review of the University of York database (http://www.york.ac.uk/
inst/crd), combined with a Medline search (focusing mainly on data after
1996).

2. According to Hay and Robin (1991), cited in Ruchlin and Dasbach
(2001). Akins and O’Malley (2000) have a much lower estimate, which
probably does not include all the costs of screening and the like.

3. This estimate was calculated as follows: the MRC (1981) trials sug-
gest that over five years the mortality in a randomized trial for patients
with severe hypoxemia is 667 per 100,000 for those not treated with long-
term oxygen, compared with 548 per 100,000 for those treated with long-
term oxygen (reviewed in Crockett and others 2001). The cost per month
of home oxygen is taken as US$400 (based on U.S. Medicare reimburse-
ments in the early 1990s).
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